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ABSTRACT

BExperimental uses of artificlaily created aerosols are manifold
and are eapeclally important for respiratory dieease studies. Be-
cause the respiratory routé is often the natural means of infaction
in men, astudy of the pathogenesls of diseases in animal countarparts
ig more meaningful if animsls also are infected experimentelly by
the respiratory route. . In contradt to intratrachesl.or intrenasgsl .

. instilletion, chellenge with aiv.borne paviienlates greatly ingressad .

. test relisbility becsusas veriables can be hetter controlled and quan-
titated, Yossge, mercsol particle afze, serosol age, environmeifal
temperature, and rel&tive humidity can be controllad, measured; and
analyzed to a variable degrée. Mvaover, sdditional experimentation
can be accomplished to determine host susceptibdility tc respiratory
challenge, estimating or quantitating dose-response curves, testing
the effect of therapy or-stress, and evaluating the efflciency of
serogenis vaceinstion. However, respiratory expogure dfpesrs to be
the least understood challenge method in animel experimentation.
This manuscript, therefore, surveys and describes the basic, practi-
sal techniques required to challenge animals with infectiocus aers-
‘sols artifioiasily produced, Methods and equipment necesasary for the
- safety.of personnel involved -in infectious.diseasse work in,laborato.e.,
ries and animal rooms -also are described.
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I. INTRODUCTION

A. HISTORICAL COMMENTS

The recognition and general acceptance of the ilmportance of air-borne
infections are evidenced by the contemporary "Conference on Air-Borne Infec-
tions" reported in 1961.1 Although the concept of infection by inhalation
has been intermittently propounded in the study of infectious disease epide-
miology,2°5 its significance was firat appreclated and realistically under-
stood in the early 1930's.S

The question of whether diseases are "air-caused" hes had, in past cen-
turies, fervent believers or equally fervent nonbelievera. For example, in
antiquity all infections were thought to have originated from "miasme" or
bad alr. In 19127 Chapin stated, "Most dise..es are not likely to be dust-
borne and they asre spray-borne only for two or three feet, a phenomenon
which after all resembles contact infection more than it does aerial infec-
tion es ordinarily understood...." In a review of air-borne infection,

Chops and Smillle (1636)? aluted, "Air us & faclor in lhe spresd of disesse
is not as ilmportant as the early development of the sclence of bacteriology
seemsd (o lndicate," These vellels were eugendered by the sbsence of ade-
quate technology for aeroblological study, e.g., Chapin used only glass
glides to :/ mple aerosols. Nonetheless, aix years before Chope and Smillie's
publication, Lurie® had reported convincing date-on the =zerogenic transmis-
glon of tuberculosis among guinea pigs, Also, Wells {1933,% 1934 1%) advanced
the theory of droplet nuclei for transmitting infectious agents and developed
equipment for quantitatively sampling mlcrobial aerosols.

Renevwed Interest, based on newer knowledge and more adequate equipment,
has stimulated further study of air-borne contagion (Riley, 1961).1! At the
present time the role of air and air-borne material ig receiving renewed at-
tention as & causal factor in disease transmission. Studies on the preven-
tion of laboratory infectlons have provided valuable information, because
many of these are probably. contracted by the resplratory route. Some impor-
tant human diseases now considered to be aerogenicaelly transmitted are diph-
theria, tuberculosis,!? pulmonary anthrax,!? brucellosis,!4 laboratory-
acquired infections of tularemia,!5s!® pneumonic plague,!” pulmonery mycoses
such as histoplasmosis!® and coccidicidomycosis,® Q fever,?® epidemic paro-
titis influenza,? and newer types of viral infection. This list does not
include a number of animal pathogens that presumably do not infect man but
are responsible for epizootics.

B. AIR TRANSMISSION OF DISEASE

The basic mechanism for transmitting air-borne disease is by droplet
nuclei. On occasion resuspended dust particles carrying infectious organisms
are implicated. Langmuir? described droplet nuclei as small air-suspended
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residues arising from the evaporation of droplets emanating from the mouth
and nose. These nuclel containing infectious microbes or toxic moieties,
meke up biological aerosols., Such aerosols are readily produced artifici=-...
ally by spraying or atomizing wet or dried preparations of microorganisme

or toxius.

Experimental uses of artificially created aerosols are manifold, but
are especlally important for respiratory disease studies. Because the res-
piratory route is often the natural means of infection in man, study of the
pathogenesis of 'digemuses 1n animal counterparts is more meaningful 1if animals
also are infected experimentally oy the respiratory route. 1In contrast to
intratracheal or intranasal instillation, challenge with alr-borne particu-
lates greatly increases test reliability because varilables can be better con-
trolled and quantitated. Dosage, aerosol particle size, aerosol age, envi-
ronmental temperature, and relative humidity can be controlled, measured,
and analyzed to a varlable degree. Moreover, the interplay of these factors
can he studled--~for example, in relation to viability and virulence.

Disadvantages, however, are inherent in aercoblological experimentation,
Artifacts may be introduced by the use of pure cultures propagated on lab-
oratory media. The precise algnificance of aerosol age on virulence of the
gir-vorue organlsms is not fully known. Finally, respiratory doses may not
be reliasbly calculated becsuse the degreae of lung retention of inhaled acre-
sol particles, while predictable, usually is not measured.

The many types of experiments involving aserosol challenge of animals in-
clude determining host susceptibilities, estimating or quantitating dose-
reasponse curves, lesting the effect of therapy or stress, and eveluating
efficacy of aerogenic vacclnation., By the experimental generation of micro-
bigl aerosols, many public health problems can be studied fruitfully, as
exemplified in past investigations of the effectiveness of glycols for air
sanitation,?? of ultraviolet irradiation for air decontamination,® of reapi-
rators for filtering out infectious aerosols,? and as a means for studying
microbilologicel safety problems in general,?

Respiratory exposure appears toc be the least understood challenge method
in animal experimentation. This chapter, therefore, will endeavor to survey
and describe the basic practical techniques required to challenge animals
with infectious mercosols artifically produced. Methods and equipment neces-
sary for the safety of personnel in animal rooms and lasboratoriles also will
be presented. References will be made to sppropriate sources of information
on the theoreticel aspects of aerosol generatlon, behavior, and sampling.

all I 2
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II. BASIC AEROSOL TERMINOLOGY

A. BIOLOGICAL AEROSOLS

Aerosol literally means a suspension of solid or liguid particles in a
gas., If the merosol is generated from a wet suspension (as in a cough or
sneeze), rapid dehydration of the air-suspended droplete occurs and forma
condensation residue or droplet nuclei. Aerosol particles created by atom-
ization of dried or solid materisl (such as lyophilized material) may be re-
hydrated to equilibrate with the environment.® The term, biologlcal aeroscl,
usually refers to air-suspended particles contalning populations of micro-
organisma. The term 1is spplicable also to serosols of microbial toxins and
of nonviable antigens administered via the respiratory route.2?

Regardless of the etlology of a blological eerosol, its air-borne state
and eventual fate are governed by both blological and physical action. Bio-
logically, with time, sir-borne organisms and toxins can lose their infectiv.
ity, virulence, or toxicity in all possible gradients, Physically, air-~borne
particulates are subject to Stokes' law, which relates the fallout of a small
spherical particle to the gravitational law actlon upon i{t.® This is 1llus-
trated In Table T, uhich shows the setiling velocities for various-sized
particles., (lassman®® recommends that the upper limit of microbial aerosols
be arbitrarily set at 100 microns. Reagglomeration, coagulgtion, impinge-
went, and even the effect of electrical space charges, if no' controlled,
can result in effects on aerosols that preclude efficient and quantitative
studies. With "statlc aerosols," i.e., aerogols that are not generated con-
tinuously, physieal decay or fallout and effects of aerosol aging can be
readily studied. 'Dynamic aerosols,' on the other hand, which are clouds

continuously generated and passed through a tube, allow only newly formed
perticles to be studied or observed.

TABLE I.E/ SETTLING RATES OF ATR-BORNE PARTICLESE/

Size Settling Velocity
Particles (microns) (feet per minute)
Droplets 100.0-400.0 59198
Dust 10.0-100.0 0.59-59.0
Droplet nuclei 1.0-10.0 0.007-0.59
0,1-1.0 0.00016-0.007

e. From U.S. Public Health Monograph 60 (1559)
b. For particles of specific gravity 1.0 in eir at TOPF
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B. AFROSOL CONCENTRATION, RECOVERY, AND DECAY RATE

Methoda for assaying mseroscls ore dictated by the biologlcal nature of
the cloud. Estimeting the "viable cloud concentration" involves enumerating
the quantity of viable organlsms in a unit volume of the cloud, usually by
plating sempler filuid on solid media and counting the colonies appearing
after incubation. Viral and rickettsial aerosols are asseyed by inoculating
gerial dilutions of sampler fluid into appropriate biological hosts; examplco
are the intracerebral inoculation of mice with encephalitides viruses or the
intraperitoneal inoculation of guinea pigs with @ fever rickettsiase. Toxin
aerosols can be titrated in animals with potency expressed in an appropriate
unit scale, e.g., the expression of the respiratory dose for guinea pigs in
terms of mouse intraperitoneal IDgg.3!

Ir. many situations determination of the "per cent recovery" of a micro-
bial asrosol is recommended. For static aerosols, thia parameter is the
proportion of viable organisms recovered at a particular cloud age in rela-
tion to the total viable organisme in the apray suapension., Aerosol per
cent recovery is usually calculated when it 1a desirable to expose animals
to predetermined dosages of merosol or when one wishes to reduce progres-
sively the aerosol concentration to obtain fractional instesd of 100 per
cent response 1n & given number of animels. Per cent recovery values pro-
vide one way to comhine, in a pingle figure; the efficiency of the dissemi-
nator and the reeistnnoe of the organism to merosolization, its subsequent
existence as an aerosol, and the contiibution of the chamber geometry to
total decay.

The stability or "decay rate" of an aerosol is a measure of the loas in
concentration of the aerosolized orgenisms over the pericd of time the aero-
sol is studied. The decay rate is usually estimated by calculsting the num-
ber of alr-borne organisms or infectious units per unit air volume at incre-
mental cloud ages. The elope of a curve drawn from the estimated
concentration of viable alr-borne organiems at various sampling periods is
considered as the total decay, and is usually expressed in percentage over
unit of time. With microbial aerosols the total decay includes both physi-
cal decay (fallout) and blological decay (death rate) of the orgenisma, 3233
Physical decay can be calculated by the appropriate assay of fluorescent
dyeedd or of radioactive tagged cells?® that are incorporated :in the slurry to
be aerosolized. .

Organisms highly stable in the air-borne state, such as Bacillus sub-
tilis var. niger spores,® also can be used as physical decay tracers. The
difference between the total decay rate and the phJPical decay rate will be
the rate of biological decay.
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C. PARTICLE SIZE OF AEROSOLS

Knowledge of particle size 1g ¢ritical in determining the infectivity of
an aerosol through inhalation. Particle sizing, or estimation of the size
distribution of aerosol particles, is complex and no attempts are made here
to detail the problems and methodology. Excellent basic information is
available in a bhook by Orzr and DallaValle 37 and in reports by May and
Druett,® and Pilcher et al.?

Studies by Hatch,® Landahl,¥ Casarett,? Morrow,% and others indicate
that the critical diameter of partlicles for deep lung deposition and reten-
tion is 1 to 5 microns. Particles larger than five microns may not reach
the lung alveoli; those of 0.25-0,5 micron may not be retained. The effects
of particle size in 2eroacl-induced infections have been treated in a review
by Goodlow and Leonard;#¥ the IDg of air-borne Pasteurelles tularensis for
guinea pigs increased almoat four logs as the particle dlameter increased
from 1 to 12 microns. Fothergill4 mentioned six infectious microorganisms
for vwhich the guinea pig respiratory IDg 1s dramatically sffected by parti-
cle size, and Langmuir 4 discussed this problem. There is little doubt of
the increased effectiveness of infectiouas particles of five microns or less
in diameter. However, theve are doubts regarding the classical coneepl Lhat
alveolar retention of particles 1s necessary for lnfectivity. Evidence has
veen presented, for example, by McGavran €% ad 47 and White =1 :u.,“' suggest=
ing that the alte of involvement 1s the respiratory bronchiocles and not the
alveoli,

A common misconception concerning the size of amerosolized particles re-
sults when the physical size of the microbial agent is confused with the
slzes of the alr-vorne particulates in which the agents reside. The charac-
teristics of the aerosol generators, the nature of the suspending fluid, and
the environmental temperature and relative humidity are more important deter-
minants of aerosol particle size than is the size of the microbilal cells,
vhich determines only the lower limit.

Fortunately, adequate technology is available for producing aerosols of
particles predominantly of the critical diameter five wmlerons or less. Two
such disseminators are the University of Chicage Toxicity Laboratory atom-
izer,4 and the Collison spray device,50

With the proper choice of aerosol samplers, some characterization of the
partlicle dlameter can be made for a given aerosol cloud. Because the orgen-
isms contalned in smaller aernsol particles are most likely to reach and be
retained in terminal bronchioles and alveoli, it is desirable to sample with
a device possessing appropriate particle-size selectivity. A sultable sam-
pler syatem, which separates an aerosol into one fraction above and one below
five mlcrons, has been developed by May and Druett.3 This pre-impinger type
of sampler has a statistical 50 per cent cutoff ror particles with diameters
equal to or less then Tive microns., Inhaled doses for animala can be readily
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calculated by determining the number of organisms collected in the sampler
fluid. Estimates of the aerosol concentration can be expressed only as the
number of viable organisms or infectious unite contained in particles of
five microns or less in diameter. The number of particles contailning the
live organisme cannot be determined with impinger samplers.



III. AEROSQL TEST FACILITIES AND SYSTEMS

A, STATIC AEROSOL UNITS

An impressive variety of apparatus has been described in the literature
for quantitatively studying experimentally produced microbilal aerosols,
Static aerosol units have been most frequently described, varying from simple
to highly complex. Examples of simple systems lnclude those of Griffin et
al’! and Ames and Nungester,5? who used one- and two-liter glass vessels; the
glags chamber of Edward et al;% the rectangular metal box of Glover;i the 60-
liter glass chamber of Loosli et al;% and the chambers used earlier by Lange
and Keschischian,® Martini,§? and Buechner B The infectious miecroorganisms
used in these chambers include Bacillus anthracis, Mycobacterium tuberculo-
g8is, Pasteurella pestis, and influenze virus.

Young et al,5® Wolochow et al 80 Albrink and Goodlow,8! and Pirasch et al62
are among those who have used cylindrical metal ehambers generally described
as modified Reyniers-type chambers. One such chamber was described in de-
tail by Rosebury.4®

Rectamngiular chanbeyrs of various volumes have been employed In studies of
experimental air-borne infections.$$:#4:66,:86,87 Ferry et al®® ingeniously col-
lected aernsols in balloons to study the effect of aerosol age In relation
to viabllity of aerosolas, A quite different chamber design 1s the rotating
drum or toroid developed by Goldberg and his associates.’® This device has
been especially useful for studying small-particle aerosols over long peri-
ods of time.

In 1959, Ray'¥ described a 115,000-liter cylindrical ateel tank used for
aercbiclogical studies. Wolfed3 reported on similar cylindrical tanks used
for quantitative studies of infectious aserosols. He also referred to a LO-
foot diameter steel sphere used in carefully controlled experiments to ex-
pose volunteer human subjects to bilologlcal aerosols, The results of these
studies have been reported.™™ Mhis uniquely bioengineered sphere, with an
anclllary air-processing system to dilute or purge aerosols, has been fruit-
fully used in aerosol exposure and pathogenesis studies with other animal
species. In these studies mice, guinea pigs, rabbits, monkeys, chimpanzees,
goats, burros, and birds have been exposed to s variety of infectious micro-
organisms.

B. DYNAMIC AEROSOL UNITS

The principle of a wind tunnel™ beat describes the operationsl charac-
teristics of dynamic aerosol systems. An aerosol is generated into a con-
tinwous air stream et one end of the equipment and flows past enimal expos-
ure ports to or through an aerosol sampler. The best known and most widely
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used dynmamic system is the aerosol research apparatus or the Henderson appa-
ratus; named after its developer.™ It consists essentially of & straight
tube with diaphragm-fitted ports where animals can be exposed to the smero-
gsols by insertion of their heads (Figure 1).

Use of a modified Henderson exposure tube for holding monkeys, rabbits,
and other specles being exposed to aerosole of monkey B virus was reported
by Chappell.® Roessler and Kautter published a description of the appara-
tus, showing the air flow system and several types of exposure assemblies.
There are two commercially available* models of the Henderson apparatus that
are identical except for the method of supplying and discharging air. One
recirculates alr and the other utilizes laboratory service alr and vacuum
without reclrculation. To protect workers from exposure to infectious aero-
sols, both models have been engineered for use in bacteriological safety
cabinets. In the recirculating unit, fllters, vacuum pumps, and an air
dryer unit are mounted beneath the cahinet containing the apparatus. The
nonrecirculating syatem operates from house alr pressure and vacuum lines.
The advantage of the nonrecirculating model is that it can be removed from
the cabinet when the cabinet is to be used for other purposes.

A scaled-~up version of the Henderson apparatus has been devaloped
wherein the merosol tube im approximately six inches in diameter and six
feet long in contrast to the two-inch diaméter three-foot tube of the Hender-
son apparatus. ‘The largsr apparatus hes been valueble in laboratory studies
with large animals. It has been mounted in a laboratory trailer and usged to
expose human volunteers in vaccine evaluation tests,”

Although the operating characteristics of the Henderson apparatus pre-
clude study of aerosol decay and certain other variables, the relatively low
cost combined with the simplicity of operation and the degree of quantita-
tion possible makes it the 1lnstrument of choice in meny studdes. Table II
shows gselected references to the use of apparatus of this type and the ani~ -
mal species and microblal aerosols used. Aerosols are usually generated
with & Collison atomizer® although other types of aerosol generators heve
been used.® All glass ligquid impinger samplers (AGI) are usually used to
assess the serosol concentration. Leif and Xrueger™ used & small version of
the Henderson apparatus with animal-holding cups in a larger metal aerosol
vessel for infecting animals with air-borne pathogens.

* S8, Blickmen, Inc,, Weehawken, N, J.

;
a
:
1
3
3
p

sl

e i



Henderson Apparatus,

(FD Neg C~7562)

17

d

o

e sl e e

(B e B O s d A st NG b iR I LA L AR WL | 0 L MG o i 150 5 B ey , 1 B i




18

TABLE II.

EXAMPLES OF SPECIES OF ANIMAL AND TYPES OF MICROBIAL AEROSOL

USED IN 'THE HENDERSON APPARATUS

Mierobial Aerosol

Animal Species

Source

Baclllus anthracis sporea

Bacillus anthracla spores

Bacillus anthracis spores

Bacillus anthracis spores
Brucella suls
Brucella suils
Brucells suis

Histoplasmosis capsuletum

Klebslella prueumoniae

Listeria monocytogenes

Morkey B virus

Pasteurella pestis

Pagteurella tularensis
Radioactive spores

Rabbits, guinea
pigs, mice

Guinea pigs,
monkeys

Monkeys

Guinea pilgs

Guinea pigs

Guinea plgs

Guinea pigs

Guinea pigs

Mice

Mice, hamsters,
guinea pigs,
rabbits, monkeys

Raebbita, monkeys,
guinea pigs,
rats, mice

Guinea pigs

Humana
Guinea pigs,
monkeys

Barnes (1947)1#
Druett et al (1953)1%8~

Henderson et al (1956)182

Roas (1957YiB3

Elberg and Henderson (1948)184

Druett et al (1956)1%

Harper et al (1958)32

Larsh (106019

Speck et al (1959)

Kautter et al (1959);17
Roessler and Kautter
(1962)%

Chappell (1960)"

Fukui et al (1957);17
Lawton et al (1959V“
Saslaw et al (1961)17

‘Harper and Morton (1953)“’

c.

BASIC ENGINEERING AND OPERATIONAL REQUIREMENTS

Regerdless of the varied configurations of amerosol chambers, if they are

to be used productively some basic engineering requirements and principles

of operation are applicable to all.

controlling chamber ﬂemperature (1deally by J
Sheckmeister,8% Kethley et ml, 3 and Webb
environmental temperature and humidity in determining the fate or state of

ity.

mi.rotial aerosols.

Provisions certainly should be made for
goketing the vessel) and humid-

reported on the influence of

The number and size of sampling ports and animal expo-

gure ports must be sufficient for the speciles of animal and the number of

aerosol samplers to be used es required by test protocol. Equipment muet be
desigred to conform to the animal exposure method i.e., animal head, snout,
or whole-body exposure.
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Interior fanning is required for the static aerosol chambers to prevent
stratification of pearticles, to assure cloud homogeneity, and to securs rep-
resentative and reproducible cloud samplings. For such chambers, appropriate
air processing equipment should be incorporated for diluting aerosols to de-
sired concentrations, or for purging and cleansing the vessel between aerosol
trials. Figure 2 illustrates one configuration of a static aerosol chamber.
For a dynamic system, such as the Henderson apparatus, the concentration of
the aerosol is a function of the coucentration of the suspension to be
gprayed and the efficlency of the spray device. Dose levels are controlled
either by adJjusting the concentration of the material to be sprayed or by
varying the exposure time.

A primary consideration, independent of the type of aerosol apparatus,
18 the safe contailnment of the cloud. Thils can best be obtained by gas-tight
gystems with the alr pressure within the chamber less than that of the sur-
rounding outside alr, or by enclosing the aeroscl vessel itself in a venti-
lated safety cabinet. On larger chambera, peripherally located exposure and
gempling ports must either be enclosed in safety cebinets or be so con-
gtructed that animals can be exposed to the aercsol without undue risk to
the operator. Personnel should wear resplratory protection during the ex-
periments with infectious aerosols.

Infectious affluents from aerosnl vesgelg ran ha tregted by air inciner-
ation or by filtration8 The vessel, tube, or cabinet interiors can be de-
contaminated by spraying of formalin with steam and permitting a two-hour
contact time 34 P-propiolactone can be used, but probably is more applicable
for decontaminating roome or buildings.®® Because of ite corrosive nature,
peracetic acid is best limited to use with plastic chambers and isolators.B®

If the liquid effluent from an aerosol vessel exceeds a quantity that
can be conveniently and safely collected and sterilized manually, it should
be piped to'a blow case for pasteurizatlon or steam sterilization before
discharge to the sewage system. If spores are not a consideration, treat-
ment of the effluent at 200°F for 30 seconds is sufficient. When sterility
is needed, treatment with steam under pressure at 260°F for ten minutes is
recommended.

Where asnimals have been exposed to infectious aerosols, cross-infection
hazards to other animala or to caretaker personnel can be prevented or mini-
mized by housing the animals individually in ventilated cages, This problem
is discussed in detail in a subsequent portion of this paper.

Basically, the overriding safety requirements are the proper attitude of
the administrative and supervisory personnel, and the implementation of writ-
ten safety regulations and procedures by the operating personnel 27:8
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0.  RECOMMENDED SYSTEMS FOR ANIMAL EXPERIMENTATION

No particular serosol chamber asyatem, i.e., static or dvnamic, can be
re~ommended 88 the over-all answer to all investigative aserobioclogical prob-
lems. If the objective is to study only the pathogenesis of experimentally
induced alr-borne infections, with additional knowledge of the approximate
number of organisms inhaled by the animal and a reasonable estimate of the
diameter of the aerosol particle contalning viable organisms, the Henderson
arparatus admirably suits the purpose. A workable safe system for studying
imfectious merosols, including the required safety cabinet, probably can be
irstalled for $6000 to $8000. However, only newly formed serosol particles
can be studled in this system, Measures of decay retes, effects of aerosol
age on virulence, and relative humidity effects on serosol stabllity cannot
be studied with this apparatus,

Middlebrook8® has reported on the use of a lkl-liter aerosol chamber dur-
ing eight years of work on the infectivity and pathogenicity of tubercle
vacilli, This apparatus is commercially available* for about $1600.

Wolfe¥® points out that the 500-liter rotating drum is a versatile test-
ing system for investigating small-particle aerosols, and suitable for a
variety of experimental objectivea. He states it can be procured and in-
atalled, with control equipment and housing cabinet, for approximately
$35,000.

A large-scale, complex, and expensive aerosol test system such aa the
eyiindrical tank {115,000 liters) with air-process equipment described by
Ray™ would probably cost in the neighborhood of $650,000. This cost in-
cludes necessary shake-down and calibration tests., Such equipment, although
nearly ideal for studying aerosol-host or dose-response relationships, would
be more applicable where the work emphasis is prdmarily on basic studies of
the physical behavior and properties of aerosols,

* Tri-R-Instrument Co.,, Jamaica, N. Y.
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IV. GENERATION OF EXPERIMENTAL AFROSOLS

The generatlon of experimental aeroscls for alr-borne infection studles
requires devicea that can produce aercsols of the diemeters necessary for
penetration and retention at the susceptible sites in the reapirstory system.
The anatomical site in the upper or lower portion of the respiratory tract
not only differs for various diseases, but can be a major determiuant for
the "infectiveness" of an aerosol. At the level of the lung alveoll, initia-
tion &f disemse will probably require an aerosol of very small particles,
viz., one to five microns. Hatch®® has reported on the distribution and dep-
osition of inhaled particles in the respiratory tract as a function of aero-
dynamic principles, The influence of particle size in respiratory infections
has been reviewed previously.

A. OENERATION OF AEROSOLS FROM WET SUSPENSIONS

This section describes aerosol disseminators used to generate appropri-
ately sized aserosols for animal challenge., The physics of disseminator con-
figurations and the physical chemistry involved in producing particulate
clouda i@ descvibed in the coiprehensive book by Oreen and Lane® Rosebury's
monograph”gives specifications on the conastruction, calibration, and hand-
ling of selected glass atomizers used to merosolize labile agents. Zentner#
includes a description of specimlized disseminators in his report on tech-
niques of aerosol formation.

Atomization of a wet suspension involves dispersion of the liquid,
usually by one or more alr. jets, into small droplets of some particular
8ize. Three general types of atomizers have been employed extensively in
aeroblological investigations.

1. Hydraulic-Type Atomizer (One-Fluid System).

With fixtures of this type, the liquid is forced through a restric-
tive orifice, where it breaks up into droplets. In general, these fixtures
are of limited use in infectlous aerobiologlcal research.

2. Air-Jet Atomizer (Two-Fluid System).

Most atomizers are based on the two-fluid system, wherein air or
other gas Jetted at high velocities from an annulus surrounding the fluid
flow nozzle mixes with the liquid emerging from the nozzle orifice. The
best example of this atomizer type is the University of Chicago Toxicity
Laboratories' atomizer (UCTL) as modified and described by Roeebury.‘e The
item is all glass, categorized as a peripheral air-jet direct aprayer, and
operates by a suction feed to provide fluid flow rates that, depending on
the Jet diameters, are 0.2 to 8.0 ml per minute. The lower fluid flow rates
render this fixture useful in dynamic aeroscl systems. More than half the
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particles in the aerosol clouds produced by this device have diameters of
five microns or less.

Two adaptations of two-fluld nozzle systems have recently been
studied. One, termed the FK-8 mercsol gun, has a total liquid volume of 10
ml. The gun will aerosolize, equally well, fill volumes from 1.0 to 10.0 ml,
The operating gas pressure 1s 50 psaig, which gives a liquid flow rate of one
ml per 3.4 seconds. No residue remains in the reservoir following dissemina-
tion. This aerosol gun is useful for small aerosol chamber work and has been
used for aerosclization of material in the rotating drum test system.

The second fixfure, designated the atomizer test fixture (ATF), is &
larger version of the aerosol gun, with e meximum fluld capacity of 40 ml,.
This fixture will operate at constant efficiency for fill volumes of 1 to 40O
ml. As a propellant, the ATF utilizes nitrogen at 75 psig; pressure is ex-
erted directly on the liquid, foreing it through a tube to the nozzle open-
ing. The fluid flow rate 18 one ml per second or approximately thres iiwes
faster than that of the FK-8 nozzle. The ATF has absolute scavenging effi-
cleney, i.e., complete dispersion of the 1lijuld fill during dissemination.

Both fixtures are very efficient and produce aerosols in which 50 to
60 per cant of the partizulates are five microna or less in diameter sfter
equilibration with the atmosphere. The rapid fluid flow rate of these noz-
zles makes them usable only Ln static aercsol systems. Further information
on these items 1s avallable from our laboratories. The Chicego Atomizer, the
FK-8, and the ATF can all be autoclaved.

There are many other variations and modifications of two-fluid atom-
izers, especially of the DeVilbiss line. However, the items specifically
described in the preceding paragraphs are fixtures that have been shown to
meet the needs of investigators in aerobiology. These atomizers are highly
recommended for studies of experimentally induced esir-borne infections in
animals,

)

.
3. Baffle-Type Atomizer (Nebulizer).

Nebulizers are indirect spray generators that atomize a liquid
sgalnet the side of the conteiner or agsinst a baffle., The large particles,
because of their greater inertia, impinge againat the wall or baffle and .
drop back into the reservoir, thus creating a reflux. Smaller pariicles are
wafted up via an air streem and out of an orifice located above the liquid
level. The nebulizer commonly used, especlally in the Henderson apparatus,
is the Collison spray device.® Thies consists of a spray head with a nozzle
tube that dips into a glass jar containing 75 to 150 ml of liquid. This de-
vice has been modified to contain volumes of 10 to 20 ml.’® Compresssed air
flowing through the nozzle at 26 psig siphons the liquid up through the
capillary-sized holes in the base of the sprey nozzle. The 1liquid mess flow
rate 1s asbout 0.2 ml per minute for nonvolutile liquids. With the Collison
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atomizer, 90 per cent of the aerosol reaching the exposure tube is in parti-
cles less than five microns in dlameter,

Another effective generator is the Vaponephrin atomizer.* It too has
a very low fluid flow rate (less than 0.07 ml per minute) and has been used
alsc as a continuous aerosol generator device for dynamic aerosol systems.
The primary spray is directed against a baffle, causing & turbulent reflux,
with the resulting mist being emitted as an aerosol of very small particles.

Other nebulizing devices, such as those designed by Wells? and by
Loosli,? have been described as efficient disseminators of emall-particle
aerogols. Although we have had no experiences with these devices, they prob-
ably can be used in conjunction with the Henderson apparatus,®

B. GENERATION OF AEROSOLS FROM DRY MATERIALS

Dry material or powders are usually atomized by blowing air or gas
through the bulk material. The fluildized material is then expelled through
an orifice as finely dispersed particulates. The following are examples of
suitable laboratory-type devices,

1. Carbon Dioxide Pistol.

A convenient and economical device for the aerosolization of powders
is a 22-caliber 00; pilstol. The muzzle end of the gun is threaded to accept
o smell hollow tube with restrictive orifices in esch end. Bbth orifices
are sealed with aluminum foil diaphragms. The powder to be disseminated
(150 to 250 mg) is placed in the back portion of the gun barrel and the
sealed adapter tube threaded in place; Upon triggering of the pistol, the
C0y charge expands into the barrel and entrains the dry fill, When suffi-
cient pressure to burst the primary diaphragm has been achieved, the powder-
CO; mixture flows into the adapter tube, Further mixing then occura as the
gas pressure continues to bulld up until the second diaphragm is ruptured,
allowing the mixture to escape as en aerosol. In studies with dried prepa~
rations (bulk density of 0.3 to 0.4 gm/cc) of Bacillum subtilis var. niger
spores, the COp gun produced aerosols with BB per cent of the viable mass in
particles of five-micron dlameter or less, The size of the dlecharge orifice
and the diaphragm thlckness have been Jdeslgned to glve sonic veloelty to the
escaping aercsol. These factors probably provide efficilent deagglomeration
of dry material. '

2, Air-Blast Nozzles,

Another simple laboratory disseminator for small quantities of dry
povwders is a device labeled the OL tube. It consiste of two hexagon-shaped

* Vaponephrin Co., Upper Dardby, Pa.
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components screwed together to form a cylinder with a fill volume of approx-
imately two cc. Aluminum foil (0.836-inch thickness) is placed in the base
of the container to cover the air orifice and at the top of the container to
seal the cavity. The top seal is held in place by a screw cap. After the
container is loaded, it is screwed to one end of & hollow tube that is joined
to a compressed gas line by & Snap-tite fitting. Application of the gas (nil-
trogen) at 75 pelg breaks the aluminum foll seals and the powder is expelled
in aerosol form. The advantage of the OL tube is that it can be easily re-
moved from the pressure line and dlemantled for autoclaving, cleaning, and
reuse.

A more refined air-blast nozzle for disseminating powders 1s a two-
fluid fixture termed the AP-10 nozzle. This precisely machined item has a
congtricted inner throat in the nozzle and a button-shaped deflector baffle
glightly above the nozzle opening. Fluidized solids fed 1into the nozzle are
forced through the venturi throat and out of the nozzle orifice by air at 40
peig. For more effective dispersion the AP-10 nozzle can be used in combina-
tion with a Tornado Feeder device. This feeder has a cylindrical housing
that accommodates & smaller cartridge conteining the drled powder. The lid
of the housing has a centrally located tube (Jet nozzle) and two smaller
tubes, set at 45 degrees opposing angles to each other, located on either
side of the central tuba. When the 1lid is engagad, the three tubes puncture
a lead foll cover of the agent container. Nitrogen gas at 135 psig is fed
through the two small tubes, creating a tornado-like vortex and causing the
povder and gas mixture to be fluidized through the central jet tube into the
AP-10 nozzle for further dispersion, The feeder will disseminate 85 to 98
per cent of dry materisl {such as talc or sporea of Bacillua subiilis var.
niger) within 30 seconds, The calculated volume of the agent cartridge is
5.92 ce. The Tornedo Feeder can be used as a primary aerosol generator or
in combination with other nozzles, Further information on the operation of
the OL tube, AP-10 nozzle, and Tornado Feeder is available from our
laboratories,

C. MISCELLANEOUB DISSEMINATORS

There are many other means and methods for generating aerosols from
either wet or dried materials. However, devices such as the vibrating
reed ¥0,04 and the spinning disk of Walton and Prewitt,® modified by May, %8
are quite complex and require refined techniques. These items probably are
much more applicable for highly specialized aerobiclogical studies, espe-
cially since they are capable of generating particles of uniform slze. For
the more practical meansa of challenging animals with infectlous or toxic
aernsols, especially for pathogenesis studies, the aercsol disseminators de-
scribed in the preceding paragraphs, in terms of convenlence and economy,
have proved to be adequate and useful in our experience.
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V. SAMPLING BIQLOGICAL AEROSOLS

A. TYPES OF SAMPLING DEVICES

Numerous devices for sampling alr to determine its biological or chemi-
cal contaminants have been documented. Alvrecht,?” for example. listed 47
ailr samplers under five categories: (a) sedimentation, (b) centrifugation,
(c¢) electrostatic precipitation, (d) filtration, and (e) fluid bubblers (or
ligquid impingers). Requirements for air samplers of course vary with the
purpose of the investigative effort. Sampling during public health and epi-
demiological etudies requires emphaszis on ldentiflcation of specific organ-
isms among a collected mixed population, with only a moderate reguirement
for guantitation. Studies of aerosols of known origin used to induce experi-
mental respiratory infections, however, require samplers of high collecting
efficiency, especially if the viable orgsnism population of the aerosol 1s
low. BSemplers should also be selective in particle acceptance. Only the
samplers consldered moat useful for assessing such aerosols will be described,
For a detailed and 1llustrated review of aerosol samplers, the reader should
consult Public Health Monograph 60.2 An additional survey of samplers has
been published by Batchelor,%

1. Liguid Impinger Samplers,

Sampling devices that impinge aerosol particulates into or onto
collecting fluids are the most frequently used. Low-velocity bubbler sam=
plers are not desirable for small-dlameter aerosol particulates because the
particles tend to be retained in the air bubbles and escape in the discharged
edr.?® High velocity liquid impingers, operating at neer sonic air-flow
velocities, are very efficlent for sampling biological aerosola. The best
all-around liquid impinger is the all-glass impinger (AGI), originally devel-
oped by Greenburg and Smith!® and since used in various modified forms,i01:48,33
The AGI (Figure 3) has been deseribed in eritical detail by Cown et all0? and
evaluaﬁgd and compared quantitatively with other liquid impingers by Tyler
et gl.

The AGI has & physical perticle retention efficiency of approximately
99 per cent for serosols containing particles of Lk microns or less at a
sampling rate of 12.5 liters of alr per minute, which 1s fixed by the ori-
fice size of the capillary fused t> the bottom of the inlet tube, The sam-
pler usually is operated with 25 ml of collecting fluid but can be used
equally well with volumes as low as five ml. Sampling times are usually one
minute, but 5- or 10-minute sampling durations can be used for low-
concentration aerosols. Longer sampling intervals result in greater evapo-
ration losses, with possible concomitent increased destruction of the im-
pinged organisms. Foeming can be controlled with a few drops of commercial
antifoam agents or sterile olive oil., A feature of the AGI is that most
particles with diameters greater than 15 to 17 microns are impinged on the
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curved walls of the inlet tube. This discrimination 1s further enhanced by
affixing the May pre-impinger (described in Section II, C) to entrap parti-
cles larger than five microns, thus preventing their being passed into the
AGI sampler. If quantitation of particles larger than five microns is de-
gired, collecting fluid may be used in the pre-impinger. Assessment of the
ACTI fluld when the pre-impinger 1s used provides a good estimation of the
viable organisms contained in particles small enough to have reached the
lover respiratory tract of mammallan hosts.

The proportion of the total cloud that contains viable organisms in
particles of five microns or less can also be measured by use of a glass
plate-20 (GP-20) sampler along with the pre-impinger/AGI combination. The
GP-20 differs from the AGI in that it has a straight inlet tube and the lim-
iting orifice 18 a hole drilled through a glass plate at the end of a tube
instead of being a drawn capillary. 8Since the GP-20 does not discriminate
among particle sizes, 1t 1s considered a total collector. The ratio (x 100)
between the aerosol recovery estimated for the AGI and the recovery calcu-
lated for the GP-20 will indicate the percentage of particles below five~
microns in the total cloud that contains viable organisms,

The Shipe sampler is also efficient. Its flow rate (10 liters per
minute) is lower than that of the AGI (12.5 liters per minute). The 8hipe,
instead of having an inlet tube, has a critical orifice in a metal disk
remantad to e support tube at the hottom of the flask. The tube 1a oriented
tangentially to both the circumferesnce and the bottom of the flask,!04 This
sampler was designed to minimize the cellular damage due to impingement and
to eliminate depoeition of large particles in an inlet tube.

2, Impactor Samplers.

Impactor samplers depcsit aerosol particulates from the sampled air
onto soclld surfaces., Certain types of impactors are particularly useful
when knowledge of the particle size distribution of the aeroscl is essential
to the experiment.

One of the esrlieat types, the cascade impactor,0®.,"9% geparates aero-
sols into four particle slze fractiona by drawlng the air through four come
pertments, each having successively smaller slits. Particles passing through
each slit are impacted selectively on the glass slides. This sampler is use-
ful in air-borne infection studies; not only can the total mass for each
slide stage be obtalned, but microscopic examination of each slide, if de-
sired, will show the number of particles for each stage.

A more complex type of cascade impactor designed to size and count
viable air-borne particles is the Andersen sampler.i®? This device partitions
particles Into different size ranges by passing the aerosol through five in-
creasingly amaller sieve plates, each located above an agar plate. The sam-
pler operates at a flow rate of one cuble foot per mlnute. Larger particles
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are depogited on the plates in the first stages witl the smeller particles
appearing in the later stages. After sampling, the agar plates are removed,
incubated, and counted to determine the particle size spectrum of the bacte-
rial aerosol. One disadvantage is that superimposition of particles can
occur, meking the device reliable primarily for low~concentretion aerosols.

Mitchell and Pilcher'® described an impactor with coated alides at
each of aix collecting stages that could be removed and washed for quantita-
tion of viable orgenisms. This enables estimation of the median dismeter of
particles containing viable organlsms, a paremeter of considerable importance
in studies of induced respiratory infections.

A gimplified inmpactor-type sampler used for determining particle
size dlstribution 1s the aingle-stage impactor (SSI) developed at Fort
Detrick.!®® It is connected in front of the AGI sampler and acts similarly
to the pre-impinger as a particle size selector. A family of single-stage
impactors have been designed with cutoff points from 1 to 19 microns at 2-
micron intervals. The entire famlly of S8I's or a selacted size range of
the impactors can be used during an aerosol experiment, Assay of the poat-
impactor samplers then will give a reasonable eatimate of the aize distribu-
tion of particles containing viable organisms,

A number of air samplers that utilize the impactor principle have
been uaed for eavirommental sampling. Thesa are typified by the sieve zam-
pler of DuBuy and Crisplid and the slit sampler of Decker and Wilson,(!! Ex-
cept for chamber tests Involving very low aerosol concentrations, these sam-
plers are not ordinarily used. They are, however, useful in monitoring the
alr outside the aerosol chamber for escape of infectious agents.

3. Filtration Samplers.

Filtration samplers are consldered total collectors and operate by
entrapping particles on a filter bed, The filter bed may be of diverse
materials (cf, references in Public Health Monograph 60)# Filtration sam-
plers are usually suitable only for collecting spores or other forms, such
as viruses, relatively resistant to desicecation. For example, Guyton et all
have successfully sampled aerosols of spores with absorbent-cotton collector
samplers, After asrosol collection, the cotton is washed in fluid to remove
the impinged material and appropriate dilutions of the fluid are assayed,
Samplers of this sort will not permit estimation of particle numbers. Aero-
sols containing Q fever rickettsiame also have been sampled in this manner,20

Menbrane-type filters!!? are popular for direct microscopic observa-
tion and sizing of aerdal particles, The membrane filter may also be cul-
tured dlrectly on agar; the growth of colonies on the membrane is an indica-
tion of the particles that contain visble organisma.
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k, Syringe Semplers.

Several authors have reported the use of syringes for withdrawing
semples from small aerosol vessels., Brown and Griffith!!d employed a 100-ml
syringe that, when filled with a sample, was discharged into a slit sampler
for deposition and culture of the air-borne bacteris.

B. ASSAY METHODS
1. Collecting Media.

The collecting fluids used in liquid impingers must be vompatible
with the organism or biological material being ssmpled, The fluids maey
range from buffered water for spore collecting, to egg yolk-enriched solu-~
tions for viral or ricketisial aerosols. Tryptose-saline and gelatin-
phosphate solutions are adequate for most mercsole of vegetative bacteria.

A recommended all-purpose collecting fluid is a five per cent solution of
ekim milk solids in distilled water. Theme liquids also are used for dilut-
ing fluida for plating on ager surfaces or for titration in animals. For
plating, 0.1 or 0.2 ml of a sultable dilution is placed directly on the
surface of an agar plate and spread uniformly with a glass spreader., For
animel inoeulations, it is necessary to use an appropriate control to assure

nontoxiclty of the collecting fluid, eapecially if 1t is proteinaceocus, €8y

brain heart infueion.  Antibiotics, crystal violet, actidione, etc., may be
used where necessery to control conteminants or to selectively inhibit or-
ganisms 1in a mixed population cloud.

Where solid media are required, as in the Anderasen sempler, not only
must the agar nutritionally sustain the organiems, but it must be of a den-
sity suiteble to withstand the shearing forces of the air impingement. Agar
concentrations of 1,5-2.0 per cent are ususlly adequate.

Samples from serosol samplers should be proceassed as soon as possible
after collection. In our laboratories, samples have been held up to two
hours under refrigeration without significantly altering the collected micro-
bilal population, Under appropriate refrigeration or freezing, some sampler/
organiasm combinations can be held for more than 24 hours.

2. Sampling Data,

To estimate the number of organisme or infectious units per liter of
serosol, their concentration in the sampler fluid first must be quantitated.
This datum is obtaimed by plating (bacterial aerosols), by titrations in ani-
mal hoate or eggs (viral or rickettsial aerosols), or by colorimetric assays
(for merosol tracer dyes or chemical aerosols). Appropriate serial dilutions
of the sampler fluld wlll yield results within acceptable limits of error.
The countable range for bacterlal aerosol assays, where practical, should be
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30 to 300 colonies per plate. Each dilution should be streaked (0.1 to 0.2

ml) on a minimum of four plates. The average plate count from the appropri=
ate dilution level 1s then used as the basia to compute the concentration of
the sampler fluid. Detalled procedures should be established by consulting

with a statisticien. A general formula for estimating aerosol concentration
is:

Concentration per ml sampler fluid x sampler volume (ml Concentration per
§amp§er air flow rate X sampling time ® liter of merosol

To estimate the per cent recovery of an aerosol in a static chamber, the
following gzneral formula osn be used:

Concentration per liter of serosol x volume of aercsol véslel % 100
Concentration per ml (gm) of suspension x ml (gn) disseminated

= per ceent recovery

For dynamic aerosol systems, a factor equivalent to psr cent reccvery
18 referred to as the spray fdotor, which is the ratic of number of organisms
per liter of aercsol to number of organiems per liter of suspension from
which the aerosol was produced. This factor is determined by the following
formula:

1op o concentration per liter of serosol (a
Spray factor = mo entration per liter of suspension ib!
() = Average plate count x dilution X volume ssmpler fluid
) Total volume of aerosol sampl

(b) = Average concentration per ml suspension before and
after spraying x 103

A spray factor must be determined for each suspension sprayed because the
viscosity of the fluld affects the rate or efficiency of spray.

C. STERTLIZATION OF SAMPLERS

Semplers used in quantitative aerobiology investigations should be
cleaned and sterilized before and after use, usually by autoclaving, ILiquid
impingers and other glasa samplers are prepared for sutoclaving by plugging
the intake and exhaust ports with nonabsorbent cotton. If ethylene oxide
sterilization is used, adequate airing of the samplers is required to dis-
gsipate the germicidal gases. TFor samplers that cannot be autoclaved, swab-
bing with 70 per cent alcohol before use is satisfactory, but exposure to
infectious amerosols should then be followed by ethylene oxide sterllization.
It 1s common practice to sterilize empty AGI samplers and add the sterile
collecting fluid aseptically just before use. This avoide the problem, when
results are tabulated, of ettempting to compensate for the amount of aam-
pling fluid lost during autoclseving,
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VI. AFRQSOL CHALLENGE OF ANIMALS

A. SELECTION OF ANIMALS .
1. Sources of Animals,

As in all animal* experimentation, the quality of animels employed
in aerobiological research directly affects the validity and reliability of
the results. Not only is the researcher faced with the problem of securing
the appropriate species of animals in sufficient quantity and at the times
needed, but he must also make sure the animels are nutritionally, physio-
logically, end immunologically suited for the experimentation and are
properly conditicned before use.

To match demand with supply, a directory of commercial sources of
laboratory animals has been published by the Inastitute of Laboratory Animal
Resources.!!d Commercially available animals obtalned from nature are also
listed in this compendium, To meet the challenge of providing quality ani=
mala, conmarcial suppliers nave organized the Laborstory Animal Breeders
Aggsc[ation to promulgats the productisn of unifemily healthy animals for
research. ’

In selecting or procuring animals for experimentation, conslderation
must be given not only tc the amccreditation of the supplier but also to the
original habitat of the proposed experimental animal., Obviously, the indig-
enous microbial and parasitic population of the animals will vary and will
depend in part on whather the animals were commercially raeared or obtained
from nature. Also, in practically all cases, the clinical and immunogenic
history will be unknown for feral animals procured for research use.

In our experience with large numbers of cynomolgus monkeys over & -
number of years, we have observed that the incidence of nodular worm (Oesogh-
agostomum spp.) lesions seen on necropsy in these animals may be indicative
of their geographical origin. Monkeys obteined from the Philippine Islands
seem consiatently to have a much higher number of nodules of ecchymotic cyste
present on the large intestine than monkeys obtsined from Borneo, Sumatra, or
Java. Moreover, we rarely have observed lung mites (Pneumonyssus spp.) in
cynomolgus monkeys, although these acarids or lesions therefrom seem to. be
present invariably in the lungs of rhesus monkeys.!!Bs!18 Tt 15 of interest to
note that the section on acariasis in Rueh's book, "Diseases of Laboratory
Primates,"!17 makes no specific mention of the cynomolgus ssp. in relatlon to
lung mite infectiona, but mentions only the rhesus monkey in this respect.
Thus, it appears more logical to use the cynomolgus instead of the rhesus
monkey for studies involving the respiratory tract, especially in histological

% In conducting the research reported here, the investigators adhered to
"Principles of Laboratory Animal Care" as established by the National Soci-
ety for Medical Research.
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studies of pulmonary changes. Likewise, the susceptible rhesus would Le the
animal of choice in tuberculosis studies instead of the cynomolgus, which is
refractory to this disease. Heberman and Williems!® found no evidence of
active tuberculosis in cynomolgus monkeys held and cared for in the same
room with rhesus monkevs, whose infection rate was 16,4 per cent, We, in
turn, have observed no tuberculosis in over 4500 cynomolgus monkeys used in
our leboratories,

2. Conditioning of Animals.

The reasons why only healthy conditioned animals should be used in
research are obvious. Moreover, the methodology and husbandry required to
properly condition common types of laboratory animals have been extensively
documented. The Animal Care Panel piovides professional guldance in problems
of this nature. In recent years, the greatly increased use of infrahuman
primates has stimulated many excellent reports on either small stable monkey
colonies or large dynamic colonies with frequent population changes.!!® 123

Recent emphasis on proper animal care has led to an elevation of
animal colonies (location, equipment, and personnel) from a "back room"
status to & current and deservedly honored and dignified position. This ig
evidenced by the greater acceptance of the eentralizéd anlmal-lNalding don-’
cept and the increased use of veterinarians as animal colony manegers. In
adaition, more and more laboratory animal suppliers describe their product
as being free from specific pathogens. Also an inzreased supply has led to
an increased use of germfree or axenic animals, thus ensuring almost per-
fectly healthy animals, at least in terms of freedom from infectlous disease,

Husbandry practices alone, however, will not ensure a suiltably con-
ditioned animal if certaln precautions are not taken, Of primery concern-'is
the probvlem of transportation streas. Stress effects have been considered
8o important that the Inatitute of Laboratory Animal Resources formed a com-
mittee to study the problem. Thelr efforts culminated in & menuasl "Labora-
tory Animals. I, Guddance for Shipments of Small Leboratory Animals."?¥ Its
ugsefulness is enhanced by an appendium on purchase or ssale contracts that
should be of mutual benefit to the animal supplier and user.

BEven if transportation stress is controlled, animals must not be ex-
perimentally manipulated immediately on receipt. Acclimatization to the new
environment is required if reliahle response data are to be obtained., Even
animale received from an installation animal farm should be held in a labora-
tory anteroom at least 24 hours or more before actual use, For larger ani-
mals, it has been our experience that pretraining or dry runs have signifi-
cantly contributed to the conduct and the accuracy of the experiment. This
has been especially true when breathing rates are to be metered in animals
such as goats, burros, and chimpanzees. 1In our preliminery efforts, exces-
sive salivation occurred in the masks with almost gll animals, but after
successive practlce trials, salivation was no longer a problem and the ani-~
mals breathed as normally as could be expected during the actual experiments.
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There are additional pitfalls that muiat be avoided in conditioning
animals, One is the inadvertent use of antibiotic-containing feed for ani-
mals to be used in infectious disease studles, It should be reconded whether
animals have been treated with antlblotic or chemotherapeutic agents up to a
week before their use. Another problem is the low relative humidity usually
prevalent in animal holding rooms, particularly in the cold months of the
vear. Flynni?® has reported that the incidence &and severity of ringtall in
rate were iuversely proportional to the relative humidity. In our labora-
tories, mouse litters survived poorly until the relative humidity was raised
and maintained above 40 per cent. Low relative humidity may cause other unde-
girable effects yet to be evaluated.

Animals used to study postexposure immunological response must be
pretitered before exposure. All animals not reared under controlled condi-
tions must be tested; for animals reared under laboratory conditions, only a
statistical sample is required.

B. KESPIRATORY CHALLENGE METHODS
1. Intratracheal and Intranasal Routes.

It has often been assumed that intranasal or intratracheal inatilla=-
tion of infectious material in animals simulates the infections naturally
acquired by 1nhalation. Although there are admltted advantages of the intra-
nangal or inftratracheal route, these reside more in the simplified methodol-
ogy required rather than in duplicating the natural portal of entry. Instil-
lation methods do not allow precise estimation of "inhaled dose" baesed on
animal weight and minute respiratory exchange. Moreover, they provide no . __
opportunity for defining the effects of enviroumental factors on the infect-
ing agent, and obviously alsc do not allow determination of the effects of
different particle sizes in the inoculum.

The introduction into the respiratory system of rather viscous men=-
strua contalning organisms rarely occurs in nature. It must be recognized,
moreover, that the relative position of the mouth, trachea, and bronchi can
effect the pathogenesls of diseases, particularly those caused by the intro-
daction of particulates containing microorganisms into the respiratory tract.
For example, Druett et all® found that monkeys exposed to clouds of anthrax
bacilli conteined in particles 12 mlcrons In diemeter often developed massive
edems of the face and head that persisted until death, indicating a localized
infection beginning somewhere in the head. Animals exposed to aerosolized
particles smaller than 5 micron i3 not exhibit this gross edena.

Fukul et all?® reported that virulent Pasteurella pestis cells were
cieared much more rapldly from lunge of guinea pigs when inhaled as an aero-
sol tran when introduced intratracheally., Speck and Wolochow!® described an
LDg. of 20,000 inhaled cells of P. pestis for monkeys incontrast to the




L SR

o

3%

intratracheal IDgj value of 100 organisms reported by Ehrenkranz and Meyer.'?
Speck and Wolochow attributed thig disparity in LDs to a difference in the
infectious process that was affected to an unknown degree by the challenge
route. A report by Tigertt et al™ stated that primary Q fever pneumonia
was uncommon in animals or man exposed via the regpiratory route., Hovever,
these authors also cited a paper indicating that primary pulmonary involve-
ment was engendered in man by intranasal instillation of Q fever

rickettsiae,

It 1s apparent that the histogenesis of a pulmonary diseagse may de-

pend on how the infecting organisms reach the lungs. Jemski et al 13 observed

uniform distribution of tubercles in the lungs of rhesus monkeys “that had
been exposed to aerosols of virulent tubercle bacilli. Widespread involve-
ment of both lungs has been reported in monkeys exposed to aerosols of P.
pestis. 12 McCrumb, et al,!3! however, described a more characteristic lobar
disease, with the ma,jority of the lung pathology belng restricted to one
side in monkeys infected by direct instillation of P. pestls. If one con-
giders the angle of the main bronchi branching from the trachea, 1t 1s not
surprising that there may be a predilection for instilled liquid to lodge or
involve only one side of the reapiratory tree.

2. Iphalatlion Expocsure Eyuipment and Techniguc.

Although study of the pathogenesis of resplratory diseases 1s more
meaningful when the infection 18 induced through a route similar to that of
the naturally acquired disease, use of infectious or toxie aerosols creates
hazards that must be controlled. Specifically, transmission of the experi-
mental infection to other animals or to the animal handler or to the
exper-imenter must be prevented.

a. Regtraint Cages for Whole-Body Exposure

For exposures of animals in static or dynamic aerosol systems,
it is imperative to employ procedures permltting a normal breathing pattern.
In whole-body exposures, this can be accomplished by placing an unanesthet-
ized animal. in a perforated metal exposure cage just large enough to contain
the animal. Each cage 1s moved into the aerosol chamber as desired without
further handling of animals. The largest animals we have exposed in this
manner vere monkeys.!® These cages allow for relatively free movement of
the animal and make it unnecegsary to bind the arms and legs.  The open-
lattice construction permits good dissipatlon of body heat, which is easpe-
cially important if the animals are to be held in the exposure cage for an
extended time. Guinea pigs, hamsters, or mice are placed in similar rectan-
gular cages, compartmented by removable partitions to allow exposure of k4 to
12 animals for a given dose. Roessler and Kautter ™ deseribe a solid box
for exposing monkeys in the Henderson system, where only the head of the
monkey protrudes for exposure. Many other exposure devices are available,
but or. the basis of handling, observation, safe containment with minimum
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restraint, maximum animal comfort, and economy in materlal, cost, and fabrica-
tion, the expanded metal cage seems to be the most satisfactory,

b. Head- and Nose-Exposure Restraint Equipment.

In general, whoie-body exposures sre used for static-serpsol facil-
ities, and head- or nose-expnsure techniques are more commonly used in the
Henderson system, After placement in a restraining tube with only the head
protruding, an enimal 1s exposed by thruating the head or nose through a
rubber iris dimphregm covering the exposure port (Figure 4).

However, lor all such expcsures, the aerosocl tube or chamber ex-
posure ports must be housed in ventilated cabinets to provide protection for
the operating persomnel. As the head is withdrawn through the diaphragm,
momentary differential air pressure may allow some aerosol to escape from the
chamber. During head -exposure techniques, the animasl muast be securely re-
strained and the nosmality of respiration of such an animal is difficult to
sssess. Most restraint tubea, alings, or Jjackets result in body coverage of
the animal, requiring ceution that the animal dces not overheat. Sedation by
mild anesthesla or tranquilizers may result 1ln a more regular breathing pat-
tern (but not necessarily normal), and what additional physiological vari-
asbles dre InMtr¥cduced In thisg manner are not known.

¢. Large-Animal Restraint Equipment end Mask Breathing.

With animels too large to place within a chamber, the sercsol
must be brought to the animal. In a large aerosol teat sphere, cublcles mey
be constructed for exposing large animals through masks connected directly
with the interior of the vessel (Figure 5). We have used this equipment to
expose human subjects, goats, burros, and chimpanzees. Albrink and Goodlow®!
used the face mask technique to expase anesthetized chimpanzees to aerosols
of anthrax. In our work with large enimala, however, we have not found it
necessary to use asedation.

Burros end dehorned goats were restrained in a stall-like box by
chains and straps. We later found that horned goats were preferred because
the horns can be strapped to e crossbar in the box to immobilize the head.

A mask (Figure 6)is fitted over the animal's nose and the head 1s immobilized
by restraint straps, The enimal 1s then transported to the exposure cubicle

of the sphere. The open intake of the mask i3 clemped to a valved tube con-

nected to the interior of thé aerosol chamber,

A flutter-type valve allows aerosvl to be drawm into the mask by
the animal's inspirations. When the animal exhsleg, the flutter-valve closes
and the contaminated expired air is directed through a dry ges meter, in
which the volume of each expiration is measured, and collected in a plastic
beg. At the completion of exposure, the valve connecting the mask to the
aerosol line ia shut off and another valve opened to the clean air line in
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Figure 5. Aerosol Ixposure Mask Attached Over Nose and Mouth
of Burro. (Toweling placed over burro's dyes.)
(FD Neg C-7563)
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Burro Mask Components.

St

Ml e oots i 20 1

Mootk < il




e, e

Lo

order to flush out the resldual contaminated air in the mask. Next, the
aerdsol intake tube of the mask is unclamped and swabbed down with disinfect-
ant, and another fresh-air intake filter diaphragm is opened on the mask
proper. This ailr filter allows transport of the masked animal to the animal
holding area. The safety of thege test procedures ls attested to by the
lack of recovery of mserosol in the cubicle or surrounding area during actual
teats.

Tor exposure of chimpanzees, the animals are placed in a re-
straint chair adapted from that used at Holloman Alr Force Base. The mask,

-fabricated to cover the nose and mouth of the chimpanzee (Figure 7